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Abstract: White Space refers to the unused broadcasting frequencies in the wireless spectrum. Television 
networks leave gaps between channels for buffering purposes, and this space in the wireless spectrum is 
similar to what is used for 4G and so it can be used to deliver widespread broadband internet. 
Typical home Wi-Fi can travel through two walls. WhiteSpace broadband can travel up to 10 kilometers, 
through vegetation, buildings, and other obstacles. Tablets, phones, and computers can all access this 
wireless internet using White Space through fixed or portable power stations. The actual amounts of 
spectrum vary by region, but White Space spectrum ranges from 470 MHz to 790 Mhz. 
So does your laptop have the hardware to connect straight to the broadband spectrum? Not yet, 
according to Alan Stillwell, incentive auctions advisor for the FCC's Office of Engineering and 
Technology (OET).   
"If you want to use TVWS (TV White Space) with your existing laptop, you would need a separate 
device," Stillwell said. "The TVWS devices in use right not do not serve computers (towers, laptops or 
tablets) directly. They provide a link to a receiver that is connected to a regular WiFi hub.” 
 One of the largest white space technology trials occurred in Cambridge in 2011 when Microsoft, the 
BBC, BT, and Nokia launched a consortium to support the project. Then, at the end of last year, Ofcom, 
the regulator of UK communications industries, announced a six month trial with 20 private and public 
sector organizations, making it Europe's first major pilot of the technology. There have been other 
successful tests in Canada and Africa in recent years, as well. 
In 2011, Wilmington, North Carolina implemented White Space technology to connect the city's 
infrastructure, allowing public officials to remotely turn lights on and off in parks, provide public 
wireless broadband to certain areas of the city, and monitor water levels. At West Virginia University, 
White Space technology is used to power a "super Wi-Fi network". It started in 2013 with wireless 
internet on the campus public transit platform, which transports about 15,000 students a day. WVU is the 
first campus to utilize White Space broadband internet. 
I. INTRODUCTION 
White space, in a communications context, refers to 
underutilized portions of the radio frequency (RF) 
spectrum. Large portions of the spectrum are 
currently unused, in particular the frequencies 
allocated for analog television and  those used as 
buffers to prevent interference between channels.  
In the United States, frequency allocations in the 
RF spectrum are made by the Federal 
Communications Commission (FCC). In November 
2008, the FCC voted unanimously to make  
unlicensed portions of the spectrum available for 
use.  At that time, at least three-quarters of the 
spectrum allocated for analog television was 
unused. These frequencies became available once 
the changeover to digital television was complete, 
by a unanimous decision of the FCC (Federal 
Communications Commission) in September 2010. 
White space allocation has stimulated development 
of wireless technologies and services.  According 
to Google co-founder Larry Page, whitespace 
operation will be like "Wi-Fi on steroids," because 
the signals in that portion of the spectrum have 
much longer ranges than those currently used for 
Wi-Fi. The increase in range means that fewer base 
stations will be required to give better coverage; 
that increased efficiency, in turn, should yield 
better service at lower costs. Signals in the white 
space range can also penetrate through solid objects 
better, which should yield more reliable service. 
 
CARLSON WIRELESS 
Carlson Wireless, which distributes whitespace 
broadband spectrum, created Rural Contionnect. 
The project delivers frequencies from 470 to 698 
MHz to areas that would otherwise have trouble 
getting internet access. 
Even the most developed countries, there are huge 
gaps in internet access. Fixed broadband access is 
unaffordable for 3.9 billion people around the 
world. In the U.S., about 72 percent of people have 
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home broadband internet access, but 
60 million people are still living without it. 
According to Pew Research, part of the reason for 
this lag in adoption is the expense of broadband 
internet.WhiteSpace stands to transform the way 
we purchase and use wireless internet. It isn't yet 
widely adopted. 
II. WHITE SPACE HAS BEEN TESTED IN 
MANY AREAS 
 
A student uses whitespace broadband spectrum to 
connect to Wi-Fi on campus at WVU. 
One of the largest white space technology trials 
occurred in Cambridge in 2011 when Microsoft, 
the BBC, BT, and Nokia launched a consortium to 
support the project. Then, at the end of last year, 
Ofcom, the regulator of UK communications 
industries, announced a six month trial with 20 
private and public sector organizations, making it 
Europe's first major pilot of the technology. There 
have been other successful tests in Canada and 
Africa in recent years, as well. 
In 2011, Wilmington, North Carolina implemented 
White Space technology to connect the city's 
infrastructure, allowing public officials to remotely 
turn lights on and off in parks, provide public 
wireless broadband to certain areas of the city, and 
monitor water levels. At West Virginia University, 
White Space technology is used to power a "super 
Wi-Fi network". It started in 2013 with wireless 
internet on the campus public transit platform, 
which transports about 15,000 students a day. WVs 
the first campus to utilize White Space broadband 
internet. 
The FCC is encouraging White Space technology 
in the U.S:- 
The FCC Office of Engineering and Technology 
(OET) has approved four TVWS(TV White Space) 
databases and seven models of devices to power 
them. Portable devices are not yet available, but 
these fixed devices offer internet services in rural 
areas for businesses, residences, and institutions, 
according to Still well.  
"The Gigabit Libraries program is using TVWS 
devices to deliver Internet service to local libraries 
and a number of operators in rural areas are using 
these devices to provide service to homes and 
businesses in rural areas," he said. "We expect the 
number of devices and their uses to grow as time 
goes on." Currently, there are thousands of fixed 
devices already deployed in the U.S., he added. 
 White Space potential in developing countries:- 
Google and Microsoft are already chasing the 
emerging White Space market in Africa, where 
only 16 percent of the population is online. 
Because the waves can travel up to 10 kilometers in 
radius, it is great for remote, off-the-grid villages. 
Google and Microsoft have also invested in White 
Space technology in developing countries. Google 
recently launched a program in 10 schools in Cape 
Town, South Africa. Microsoft's 4Afrika initiative 
is focusing on White Space technology throughout 
the continent, hoping to bring millions of people 
online, and has projects in place in Tanzania and 
South Africa. 
 How to power White Space stations:- 
Rural areas, both in the U.S. and abroad, are often 
inhibited from wireless access because they are 
inaccessible and off the local power grid. Cell 
towers are difficult to install and can't connect, 
either. Fortunately, White Space power stations can 
be charged with solar panels, and the excess 
electricity generated can also power other 
institutions in the area such as schools 
III. POTENTIAL IN RURAL AREAS 
Rural areas, where people have not received very 
good broadband services in the past and present, 
are the perfect places to start using White Space 
technology, said Dr. Apurva N. Mody, chairman of 
the White Space Alliance, an organization that 
studies and promotes the deployment of White 
Space for broadband internet. 
"One of the biggest problem in rural areas is to 
meet the device points, the houses are separated by 
longer distances and it's very difficult for cable and 
fiber optics to meet this," he added. "The traditional 
structures can only go five kilometers or so." 
With a cell tower or other device, the White Space 
technology can travel 10 kilometers and service 
many more customers at one time. The FCC does 
not have data on every individual location of 
devices since the use is on an unlicensed basis, but 
two manufacturers—Carlson Wireless and 
Adaptrum, Inc—are investing in White Space in 
rural areas. 
 
The use of White Spaces, portions of licensed radio 
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spectrum that licensees do not use 
all of the time or in all geographical locations, for 
wireless broadband. 
Can White Space solutions solve the rural 
broadband challenge? 
 
Telecoms.com periodically invites expert third-
party contributors to submit analysis on a key topic 
affecting the telco industry. In this article Adam 
Denton of Coleago Consulting summarises the 
evidence for and against the use of White Spaces to 
provide mobile broadband to remote areas. 
The use of White Spaces, portions of licensed radio 
spectrum that licensees do not use all of the time or 
in all geographical locations, for wireless 
broadband provides a tantalising opportunity to 
deliver cheap and ubiquitous broadband services. 
White Space advocates promise to bridge the 
digital divide efficiently and effectively by tapping 
into underutilised spectrum, and introduce 
competition to mobile operators who have ‘failed’ 
to provide rural coverage or deliver reliable 
ubiquitous broadband services. Implemented well, 
with due consideration of potential future 
scenarios, there may be nothing to lose.  However, 
make a mistake and it is possible that digital divide 
could be entrenched for another generation. The 
stakes and the implications are high. 
Is this panacea a reality or a mirage? 
The non-commercial White Space pilot schemes 
around the world have demonstrated that White 
Space technology works. The trials have managed 
to deliver reasonable broadband networks over 
small areas without creating unreasonable 
interference to adjacent services. But the trials are 
just that – trials – and don’t necessarily prove that 
White Space solutions will be commercially viable 
in the long term. 
Whilst a number of ‘White Space’ concepts exist, 
the most likely solution to address rural broadband 
needs is one that operates in the TV White Spaces 
between 470 MHz and 700 MHz.  
There are a few policy assumptions that underpin 
the concept: 
● First it is assumed the spectrum is 
‘unlicensed’ and being made available to 
commercial or government users on a non-
exclusive basis 
Careful consideration is therefore required before 
implementing the regulatory framework to allow 
White Space use, not least how to clear the band at 
a future point in time (e.g. what rights the White 
Space user and their customers have). Assuming 
the regulatory environment can be established to 
allow the use of White Spaces, there remain a 
number of open questions to consider before 
betting on White Space solutions, especially in 
developing markets looking to bridge the digital 
divide. 
How do you implement rural backhaul for White 
Space solutions? 
It does not really matter what wireless access 
technology is being used, broadband data will still 
need backhauling from a base station. Given the 
focus on rural broadband solutions and the need to 
address a chronic lack of fixed infrastructure in 
many markets, backhaul is a major issue. The use 
of the UHF frequencies allows White Space 
technology to get better coverage than existing Wi-
Fi spectrum and with directional antennas it is also 
possible to extend the range. With existing 
standards you may even get a reliable service up to 
4km from the base station. This is fine for 
providing ‘last mile’ coverage where a fixed 
telecom infrastructure exists but doesn’t resolve 
issues providing coverage in dispersed rural 
communities. Unless the rural backhaul challenge 
can be cost effectively addressed, White Space 
solutions can’t provide a ubiquitous service to the 
rural communities they claim to address. 
If coverage is an issue, do you need to adapt 
802.11AF standards?  
To date, White Space solutions have looked to 
deploy 802.11AF standards. These determine the 
transmit power as well as placing limits on the 
height of fixed antenna. These limitations help to 
ensure good reuse of spectrum, but they do this by 
intentionally restricting coverage. There are already 
calls to relax the standards to enable WhiteSpace 
solutions to address the rural coverage challenges 
better. The implication of introducing a high power 
Wi-Fi service in ‘unlicensed’ bands needs to be 
very carefully considered, as this will inevitably 
create greater interference challenges for 
incumbent services sharing the spectrum. 
Why give away spectrum to an unproven 
technology solution?  
There is no question that Wi-Fi solutions work. 
There is also no question that mobile solutions also 
work! The question is whether Wi-Fi solutions, 
when used to provide wide area rural coverage, 
either work more effectively than mobile solutions 
or have a completely different economic paradigm. 
It seems very unlikely. 
Mobile networks are designed to provide coverage 
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and to manage subscribers across 
the network. The only reason they don’t provide a 
ubiquitous service today is economic, not technical. 
Providing spectrum for free with very low licence 
costs would change the economics for mobile and 
result in greater coverage. If the main application 
of White Space technology is to address the rural 
digital divide then mobile solutions still look better 
placed to deliver if the economic barriers can be 
removed.  Other than the cost of spectrum and 
license fees the network costs look comparable 
between services, White Space solutions don’t 
dramatically change the economics of supporting 
rural networks. 
Why would you give away spectrum for free when 
mobile operators will buy it?  
Although in theory there is White Space across 
many bands, the spectrum focus for White Space in 
rural areas is the UHF TV spectrum. This is 
unsurprising as the propagation characteristics are 
good for wireless services, especially in rural areas 
where population density is low and coverage is 
critical. Unsurprisingly this is also the ‘prime real 
estate’ for mobile operators and is an obvious 
target band for WRC 15. 
It is clear from the 700/800 MHz auctions around 
the world that there will be significant value 
(revenue) for governments by selling spectrum in 
the UHF band. If by introducing coverage 
obligations into licence conditions for lower 
frequencies (as has been the approach in many 
700/800 licences) you can meet your policy goals 
and also raise funds, why wouldn’t you? Whilst 
revenue generation shouldn’t be the primary 
objective of governments when considering 
spectrum allocations, it is inevitably a 
consideration. 
Doesn’t it take too long to make licensed spectrum 
available for use? 
Mobile operators want the commercial certainty a 
licence provides and want exclusive use of the 
spectrum they have licensed. White Space users 
look to share use with incumbent users and to 
operate on an unlicensed basis. Intuitively this 
suggests that it is much quicker and simpler to 
utilise spectrum under a White Space regime. 
The reality is that in many countries the 700/800 
MHz spectrum identified for mobile at WRC07 has 
yet to be released. It is likely to be quicker to do 
this than to set-up the spectrum databases, the 
policy frameworks and the interference 
management regime needed to manage White 
Space solutions.  Where TV digital switchover isn’t 
complete, allocating spectrum for White Space will 
significantly complicate any transition so you 
would expect governments to wait. 
As a consequence, in the majority of cases, it is 
likely that licensed spectrum can be made available 
as fast as unlicensed spectrum in the bands the 
White Space services want to use.  There will still 
be White Spaces following the digital transition 
but, in terms of addressing rural broadband 
coverage in the short term, mobile solutions are 
better placed to provide solutions. This is 
dependent on governments licensing spectrum but 
this should be easier and quicker than defining a 
new and unproven regulatory regime for White 
Spaces. 
How do you ensure there is a degree of 
commercial certainty? 
Mobile operators are strong advocates of licensed 
spectrum as this gives them the commercial 
certainty on which they make billions of dollars of 
network investment. Investors in White Space 
solutions have the same capital constraints as 
mobile operators. They have to demand similar 
levels of certainty to keep down the cost of capital 
and to secure the return on investment they need. 
One way to guarantee this certainly is to allocate a 
band of spectrum for unlicensed use. An alternative 
is to provide some assurance to White Space users 
that the White Spaces they are using will remain 
available or alternative spectrum will be found for 
them. This alternative suggests the White Space 
users effectively operate as a licensed user with 
‘rights’ and ‘protections’. 
In effect, once a White Space allocation is made 
the spectrum remains ‘White Space’ from them on. 
Although technically it should be quick and easy to 
switch off the service, the practical reality is that 
governments are extremely reluctant to switch off 
consumer services, especially those supporting the 
most venerable and disadvantaged in society. If this 
assessment is correct then the irony of the 
conclusion is that the best way of implementing 
White Space solutions is to allocate the band in a 
conventional way! 
Are there any implications for WRC 15?  
Because the WRC process deals with spectrum 
allocations for specific services and, by definition, 
White Space technology is designed to interleave 
with these services, there are no direct implications 
for WRC 15. 
There are some indirect implications. Agenda Item 
1.1 is addressing future mobile spectrum. In 
meeting these needs it is possible that some of the 
potential White Space spectrum will be allocated 
for mobile use. In turn, assuming there is some 
identification for mobile, this may move White 
Space technology onto less favourable bands and 
potentially squeeze the available spectrum for it to 
operate in. None of these changes happen 
overnight, but it means that WRC 15 may well 
determine the time window in which White Space 
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technology has the potential to grow 
and develop. 
So can White Spaces solve the rural broadband 
challenge? 
Despite the allure of White Spaces, it is likely that 
mobile will be the platform that delivers the 
majority of rural broadband globally. Industry 
scale, economies of scale and proven business 
models give the industry an inherent advantage. 
The exploitation of Wi-Fi offload by mobile 
operators demonstrates an ability to adapt and to 
take advantage of ‘free’ spectrum. White Spaces 
will be no different. If they do become available it 
will probably be the mobile operators that exploit 
them most. 
Adam has over 20 years’ experience in telecoms, 
specialising in regulatory, public policy, strategy & 
business planning issues. He gained his experience 
working in Europe, and also in emerging markets 
in the Middle East, Africa, and the Far East. Prior 
to working with Coleago, Adam was head of 
Regulatory Affairs at the GSMA where he was 
actively involved at WRC07 and WRC 12 and led 
the GSMA spectrum policy work internationally. 
 There is a big future for White Space 
technology:- 
Spectrum Bridge, a telecommunication software 
company, was one of the first databases certified by 
the FCC. The company has worked with Dell, 
Google, and Microsoft to deploy experimental 
broadband networks. Spectrum Bridge has several 
tools on their website to show where and how 
much White Space is available in the U.S, 
including Show My White Space. 
"Unlicensed spectrum provides opportunities for 
free wireless local distribution of internet service." 
Stillwell said. "The demand for unlicensed 
spectrum using Wi-Fi technologies at 2.4 GHz and 
5Ghz has been growing at very high rates and that 
growth is expected to continue for the foreseeable 
future." 
 Companies are investing in white space:- 
 
A Google Earth map shows where TV white space 
spectrum is currently available in the U.S. 
Image: Google Spectrum Database 
 Last June, the FCC certified Google to operate the 
national database, deciding which parts of White 
programming interface (API) that allows devices to 
find details about configuration without humans. 
The API is free to individuals and Google offers a 
commercial license for businesses. 
Microsoft has implemented WhiteSpace projects 
throughout Asia, including a recent deployment in 
Singapore through partnerships with Singapore 
government research agencies and a UK wireless 
service provider in areas where vegetation makes 
wireless access difficult. In conjunction with its 
projects in Europe, Microsoft is also creating a 
database for White Space in the U.S., much like 
Google's. 
Incentive auctions will change everything:- 
The FCC introduced incentive auctions in the 2010 
National Broadband Plan. The auctions are a 
voluntary, market-based way that encourages 
licensees to relinquish spectrum rights in exchange 
for a share of proceeds from the auction of new 
licenses. Congress authorized these auctions in 
2012. Once the incentive auctions are are 
implemented, Stillwell said, and the amount of 
spectrum in each local area is more clear, a roll-out 
service will progress more rapidly. Incentive 
auctions will be the biggest issue in the U.S. soon 
enough, since there are already deployed wireless 
services and no one is focused yet on the extra 
space that is available. 
Cable companies will want to purchase 
WhiteSpace:- 
Internet service providers were ranked the lowest 
customer service satisfaction of any industry in 
America, according to American Customer 
Satisfaction Index's most recent survey. The two 
largest providers, Comcast and Time Warner, were 
ranked the lowest out of all internet service 
providers. 
However, incentive auctions could potentially 
allow private companies like Comcast and Time 
Warner to purchase unlicensed broadband spectrum 
and use it for themselves. If the FCC allows cable 
companies or other internet providers to buy 
sections of the spectrum, the amount of free, 
unlicensed Wi-Fi space will drastically reduce in 
size. So far, the FCC has allowed very few internet 
service providers to license the White Space 
spectrum. Hopefully, they will continue to be 
cautious about who they allow to purchase the 
spectrum so that it can be a disruptive force in 
connecting more people to the internet 
IV. MICROSOFT’S WHITE SPACE 
TECHNOLOGY 
At the forefront of TV White Spaces innovation, 
Microsoft has spent years investigating  
methodologies to increase productive use of the 
B. Maneesha* et al. 
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
 Volume No.5, Issue No.2, February – March 2017, 5845-5850. 
2320 –5547 @ 2013-2017 http://www.ijitr.com All rights Reserved.  Page | 5850 
 
wireless spectrum through scientific 
development and experimentation. The Microsoft 
2009 WiFi project in Redmond, Washington was 
one of the first TV White Spaces-based trials in the 
world. 
Since then, Microsoft has been a driving force 
behind commercial pilot programs across the 
United States, as well as working with industry 
consortiums and regulators around the globe in 
such areas as Singapore, Africa, Jamaica, and the 
UK. 
V. CONCLUSION 
Already Jamaica has announced the development 
of TV White Space technology to expand access to 
the internet in major population centers as well as 
townships and villages, which will provide internet 
connectivity for education, police and community 
centers through Microsoft-supported devices and 
cloud services. 
“With the adoption of TVWS access, White Spaces 
broadband internet will reach further more rural 
communities, supporting the delivery of a wide 
range of socio-economic services, including 
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